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Abstract
Background: Exergames (exercise-based videogames) for delivering strength and balance exercise for older people are growing
in popularity with the emergence of new Kinect-based technologies; however, little is known about the factors affecting their
uptake and usage by older people.
Objective: The aim of this study was to determine the factors that may influence the motivation of older people to use exergames
to improve their physical function and reduce fall risk.
Methods: Mixed methods were employed in which 14 semistructured interviews were conducted with older people (n=12, aged
59-91 years) from 2 assisted living facilities in the North West of the United Kingdom. The older people participated in a 6-week
trial of exergames along with one manager and one physiotherapist; 81 h of observation and Technology Acceptance Model
questionnaires were conducted.
Results: The findings suggest that the participants were intrinsically motivated to participate in the exergames because of the
enjoyment experienced when playing the exergames and perceived improvements in their physical and mental health and social
confidence. The social interaction provided in this study was an important extrinsic motivator that increased the intrinsic motivation
to adhere to the exergame program.
Conclusions: The findings of this study suggest that exergames may be a promising tool for delivering falls prevention exercises
and increasing adherence to exercise in older people. Understanding the motivation of older people to use exergames may assist
in the process of implementation.
(J Med Internet Res 2017;19(7):e238)   doi:10.2196/jmir.6841
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Introduction
The proportion of older people in the world population is
increasing as never before [1-3]. Older people are at increased
risk of falls due to factors such as impaired balance, gait
problems, poor muscle strength, visual impairment, psychotropic
medications, multiple drug use, impaired cognition, and urinary
incontinence [4,5]. Approximately 28-35% of people aged 65
years and older fall each year [6]. The consequences of a fall
can vary: from a bruise or sprain to traumatic brain injury, hip
fracture, or even death [6,7]. These consequences can lead to
decreased health and well-being and increased health care sector
costs [6]. One of the best modifiable risk factors to reduce fall
risk among older people is physical exercise, in particular,
specific strength and balance exercises [8]. However, motivation
to engage in physical activity is often low in old age.
A potential method to increase physical activity may be the use
of exergames. Exergames are videogames that combine
gameplay with physical exercise. This paper describes the use
of MIRA-exergames [9,10] that were developed with older
people, academics, and 2 falls prevention teams (including
physiotherapists, geriatricians, occupational therapists, and
rehabilitation nurses) for older people to improve their physical
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function and reduce fall risk. The MIRA system [9] uses
Microsoft Kinect, an off-the-shelf 3D camera motion tracking
device that can track the user’s movements from a distance
without the need for hand-held controls. The exercises used in
the games were constructed from the evidence-based exercise
programs Otago and FaME, designed to reduce falls among
older people [11-13]. A short description of some of the
exercises and games used in this study can be found in
Multimedia Appendix 1. User performance was tracked by the
MIRA system [9] and Microsoft Kinect.
The MIRA system [9] measures parameters such as (1) the
number of exergames played including the frequency and
duration, (2) progress statistics including game scores, distance,
speed, and acceleration, and (3) overall movement activity
during the games. This information is recorded by the MIRA
system [9] and can also be remotely tracked by the
physiotherapist and physician to monitor user performance. The
user’s therapy schedule may be adjusted as required throughout
their program.
To improve their physical function and reduce falls risk, older
people need to be motivated to adhere to a therapy tailored
exercise program. The systematic review and meta-analysis of
Sherrington et al [14] suggest that an exercise program should
run for at least two hours a week, for at least six months, to
obtain a minimal effective exercise dose.
Motivation can be divided into intrinsic and extrinsic motivation
according to the Self Determination Theory (SDT) [15].
Extrinsic motivation can be defined as behaviour in which
people engage due to an objective consequence or separable
outcome of that behaviour and intrinsic motivation is behaviour
which people experience as interesting, satisfying and enjoyable
[15]. Sweetser and Wyeth [16] developed the game flow model
of player enjoyment (Table 1) that describes the intrinsic
motivators that enhance users’ interest in playing computer
games. This is known as the “flow” in which the person becomes
immersed in the activity, losing a sense of self-consciousness
and time. Enjoyment is further described as the fulfillment of
8 elements that create game enjoyment [16]. An overview of
these 8 elements is presented in Table 1.
Previous literature has shown that intrinsic motivation is more
important compared with extrinsic motivation to adhere to
exercise for a longer period of time [17]. Nevertheless, it is
unknown if and why older people are motivated to use
exergames. Our goal was to explore the factors that influence
the intrinsic motivation of older people to use MIRA-exergames
[9] to improve their physical function and reduce fall risk.
Table 1. Definitions of the 8 elements of the game flow model of player enjoyment of Sweetser and Weyth [16].
DefinitionElement
The game should require some concentration, which can be defined as attention and workload. The more concentration the games
requires, the more absorbing the game will be.
Concentration
The game should be challenging in which it matches the player’s skill level, a changeable difficulty level, and an appropriate
pace. If the challenge is too high in comparison with the skills of the player, this might result in anxiety. If the challenge is to
low in comparison with the skills of the players, this might result in apathy. Therefore, the challenge of the game should be in
comparison with the skills of the player to make the player to enjoy and finally endure the game.
Challenge
According to Sweetser and Wyeth [16], the game should support the development and mastery of the skills of the player, otherwise
enjoyment is not possible. Therefore, the challenge of the game should be correlated with the skills of the player. During this
element, a good explanation of the game and the associated skills is essential. The element “player skills” can be related to the
need of competence.
Player skills
This element can be related to the concept “autonomy” of the CETa. Control refers to a certain sense of control during the actions
of the game. During the game, the player should be able to control the actual behaviors of their character in an intricate, effective,
and easy way to explore the environment and to manipulate objects in the environment. This is important to carry out the player’s
goals.
Control
The game should have a clear goal. The goal should be made clear at the beginning of the game, this way the player knows from
the start what to do. This can be done with a brief introduction movie. Each level should also contain multiple goals. These goals
can be explained with so-called “briefings.”
Clear goals
Appropriate feedback at appropriate time is important because concentration is only possible with immediate feedback. The
player should receive feedback about his or her progress, and if the player does something wrong, he or she should receive
feedback about how to do it right. Scores provide the player with positive feedback and encourages the player to improve.
Feedback
Immersion refers to deep but effortless experiences of the player regarding the game. During immersion, the player forgets about
his or her surroundings and everyday life. Sometimes games are seen as an escape from the real world and everyday worries.
Immersion
According to Sweetser and Wyeth [16], games should provide and create opportunities for social interaction. It can create com-
petition, cooperation, and connection between players. However, social interaction can also interfere with immersion because
other real people can be a link to the real world. Nevertheless, social interaction is a strong element for enjoyment, if people
game for social interaction. The element “social interaction” can be related to the need relatedness of the SDTb.
Social interaction
aCET: Cognitive Evaluation Theory.
bSDT: Self Determination Theory.
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This study is a substudy of a larger study in which
mixed-methods were used: interviews, Technology Acceptance
Model (TAM) questionnaires, and 81 h of observation of the
participants using the exergames were conducted. Data
collection was conducted from May 2015 to July 2015. The
interviews were undertaken at communal rooms in the assisted
living facilities. Assisted living facilities are accommodations
specifically designed for older people that usually consist of
self-contained flats or bungalows with communal facilities, with
a manager who oversees the maintenance of the facility (also
known as sheltered housing or supportive housing for older
people). People living in these facilities are able to receive extra
care if required such as home help to assist with bathing.
The exergame program was offered to the participants 3 times
a week during a period of 6 weeks under the supervision of a
physiotherapist. The participants were initially assessed by the
physiotherapist who then tailored the exergames program
according to the ability and needs of the participant. Each
schedule began with calibration to ensure the user was
positioned correctly for optimum performance and effective
motion tracking and a tutorial that demonstrated how to perform
the exercise that follows. One session took approximately 15
min on average for each participant, starting with 5 min and
building up to 20-25 min. In one housing facility, the exergames
were offered in the communal lounge area during a weekly
coffee morning social event. In the second housing facility, the
exergames were in a separate communal room where only the
older participants met together in the room. The size of the
groups varied from just 1 participant to 7 participants. The
exergames are played individually. Participants mostly preferred
to stay and watch other participants play the exergames, although
some attended for only their session. The rooms had at least 2
m space to exercise safely, access to a large television screen
with a laptop connection, and chairs for support during the
exercises and for rest (see Figure 1). A transportable laptop with
MIRA Rehab software [9] installed and the transportable
Microsoft Kinect were connected by the physiotherapist to the
television screen.
Participants
In total, 12 older people in the age range of 59 to 91 years from
2 assisted living facilities in the North West of the United
Kingdom, 1 physiotherapist with 3 months experience of using
MIRA-exergames [9], and 1 manager of one of the assisted
living facilities participated in this study. Older people were
included in the program if they met the following criteria: (1)
aged 59 years and older, (2) had used MIRA-exergames [9] for
at least three weeks, (3) were able to speak and understand
English language, (4) had the mental capacity to give informed
consent, and (5) lived in an assisted living facility. Older people
were excluded if they suffered from severe cognitive
impairment. In addition, a qualified physiotherapist assessed
the participant’s medical history, safety risk, and ability to
engage in the exergames (both physically and cognitively).
Table 2 provides an overview of the included participants.
Figure 1. Mira-exergames system setup: The Microsoft Kinect camera is positioned directly in front of the screen. The user is positioned at 2 meters
distance from the Kinect camera.
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Table 2. Participant characteristics and number of exergame sessions attended during 6 weeks.
#sessions/6 weeks
used
Marital statusCurrent medical condition(s)SexAgeParticipanta
15EngagedDepression with anxiety and bipolar disorderFemale67Ms Smith
17Single or never marriedMale89Mr Darcy
13DivorcedDepressionbFemale66Ms Colins
6Single or never marriedDisability right handMale63Mr Crawford
14WidowedFemale80Ms Price
16Single or never marriedMale66Mr Rushworth
8WidowedMild cognitive impairmentFemale79Ms Bertram
15EngagedDepression with anxietyMale60Mr Wickham
18Single or never marriedMale76Mr Willoughby
3WidowedDepressionFemale81Ms Bennet
12WidowedFemale91Ms Dashwood
2Single or never marriedMale59Mr Ferrars
aThe names of the participants are changed for anonymity.
bAccording to the DSM-IV criteria for depression and herself, this person suffers from a depression. However, this is not reported in her medical history.
Measures
The interview guide consisted of questions related to the 8
elements of game enjoyment defined by Sweetser and Wyeth
[16].
The TAM questionnaire consists of 4 subscales of statements
of which 2 subscales are presented in this article, which are
regarding the perceived ease of using MIRA-exergames [9] and
the attitude toward MIRA-exergames [18]. The statements were
categorized with a 7-point Likert scale.
Data Analysis
The data were analyzed using constant comparative analysis.
The interviews were transcribed, and open coding and axial
coding was conducted by both researchers separately. Both
researchers discussed their codes, and a coding scheme was
developed from the different themes that emerge [19]. The
interviews were selectively coded by both researchers separately
and the coding was compared. After consensus was reached,
the coding was analyzed using Atlas.ti coding program [20].
The questionnaire data were analyzed in SPSS Statistics 22.
During 81 h of observation, notes were made of physical and
verbal expressions until data saturation. Data saturation was
reached after no new data and no new themes were observed
[21].
Ethical Approval
This study is conducted in full conformance with the principles
of the Declaration of Helsinki, Good Clinical Practice, and
within the laws and regulations of the United Kingdom and the
European Union. Before commencing participant recruitment,
approvals have been obtained from the University of Manchester
and NHS Research Ethics Committees.
Results
Demographical Information
Interviews and TAM questionnaires were completed by 12 of
the 19 participants approached. Of the 12 older participants, 5
suffered from mental or physical impairments, which may have
influenced their motivation to participate in the exergames.
Three participants, a 66-year-old woman, an 81-year-old woman,
and a 60-year-old man suffered from depression. A 67-year-old
woman suffered from both depression and bipolar disorder, and
a 79-year-old woman suffered from mild cognitive impairment,
but both were able to participate in the exergames. There were
no adverse events reported during the study.
Attitude Toward Exergames
In general, the majority (8 out of 12) of the older people had a
positive attitude toward MIRA-exergames [9]. This was reported
during the interviews but also confirmed by the TAM
questionnaire. The third subscale of the questionnaire consisted
of questions regarding the participant’s attitude toward the
exergames. The mean score for attitude was 6.19 (SD=1.21;
min: 2, max: 7; reliability alpha=.86) on the 7-point Likert scale,
which indicated that the residents had a positive attitude toward
the exergames.
Enjoyment
In this study, 8 people said they enjoyed playing the exergames.
A deep sense of enjoyment is described as a combination of 8
elements, see Table 1 [16]. Two older people did not enjoy
playing the exergames. One of them felt that the exergames
(and all games in general) were patronizing, and the other person
had depression, which may have detracted from the enjoyment
of the exergames. The remaining two of the 12 older people felt
more neutral about the exergames or slightly enjoyed playing
them. The results of the eight elements that define enjoyment
in this study are described in detail below.
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The first element, concentration, was required by all the
participants to be able to focus on the screen and to do the
associated movements. It was observed that the performance
decreased when the participants were simultaneously having a
conversation (known as dual tasking).
The second element, challenge, was experienced by 10
participants because they experienced the exergames as
something new, which they have never done before. The older
participants experienced the exergames as mentally challenging
because they had to remember the games and what they had to
do during the games. For some, it was physically challenging
to be able to undertake the movements. The participants
appeared to challenge themselves to improve on their
performance each session. To start undertaking the exergames
was also experienced as a challenge that resulted in the
participant feeling proud and a sense of achievement. Finally,
it appeared that some exergames were experienced as more
challenging compared with others.
The third element was a clear goal of the game. According to
the older people, the general goal of using the exergames was
to win as many points as possible and to do more physical
exercise. The goal of the games itself were not clear for 5 of the
12 older people even when they played these games often.
The fourth element, feedback, was provided through the
provision of scores and instructions given by the physiotherapist.
The exergames also provide instant feedback. This included
success or failure sounds, written text for encouragement and
to indicate correct position for the sensor, green color code to
indicate correct movement, and red for incorrect movements.
At the end of each session the motion tracking analysis give
feedback about points won, duration of session, range of
movement, number of repetitions, average speed and
acceleration that can be viewed by the participant and the
physiotherapist. According to the participants, additional
feedback about their progress from the physiotherapist was
important. Six older participants were also doubtful if they
would be able to play the exergames on their own without the
support of the physiotherapist. Five residents believed they
would be able to use the exergames by themselves after doing
it together with the physiotherapist.
The fifth element, immersion, was experienced by 9 residents.
Immersion appeared to create a positive experience among some
of the residents because the exergames were found to provide
an escape from reality.
The sixth element, control of the character, was experienced by
all the residents. For example, when they moved their arm up,
the character in the game went up.
It was observed that all residents had the skills to play the
exergames, which refers to the seventh element. The residents
reported that the difficulty-level of the exergames set by the
physiotherapist was correct for them. The TAM questionnaire
also confirmed the perceived ease of use as easy or just right.
The first subscale of the TAM questionnaire consists of
statements regarding perceived ease of use, which scored on
average 5.60 (SD=1.36; min: 2, max: 7; reliability alpha=.84)
on the 7-point Likert scale, which indicated that the exergames
were found to be easy to use with the current set-up.
The final element, social interaction, appeared also to be one
of the main findings in this study. During the observations it
was noticed that the games themselves do not provide social
interaction because the user has to do the exercise alone.
However, the exergames were set up in communal rooms at the
support housing facilities that made social interaction with other
people possible before and after doing the exergames. The group
size varied from 1 participant to up to 7 participants taking part
in an exergame session. The participants played the exergames
individually but were observed by the other attending
participants. During the interviews and observations, it was
clear that the social interaction encouraged the older participants
to undertake the exergames, for example, it created competition
between people that resulted in further motivation to improve.
Another participant mentioned that it created opportunities to
learn from and interact with each other. Seven older people were
doubtful if they would do the exergames alone at their
apartment, since they felt motivated by the group to do the
exergames because others were doing them as well.
Nevertheless, the findings also indicate that the social interaction
might decrease someone’s confidence because, for example,
others might have higher scores. One participant with lower
scores mentioned that others might start thinking something is
wrong with her because she has lower scores. Furthermore, 2
participants mentioned they felt watched or judged by other
people who were also in the room, which resulted in an
uncomfortable feeling. These feelings might decrease the
motivation to do the exergames. However, the older participants
who mentioned these negative influences of the social interaction
preferred in the end the set-up with social interaction. It appeared
that the participants were not aware of their surroundings after
undertaking a few exergame sessions.
During the observations, it appeared that not only was social
interaction with other older people important, but also social
interaction with the instructors of the exergames. The
conversations with the instructors seemed to have a positive
influence on the older participants because during informal
conversations the older participants regularly thanked the
instructors for being present and said they enjoyed their
company. This observation was also confirmed by one of the
participants during the interview.
Confidence
During the interviews and observations it appeared that besides
enjoyment, confidence was also an important factor that
influenced the intrinsic motivation of older people to use the
exergames. This confidence was related to physical strength,
mental capacity, and the social setting. The confidence in having
physical strength appeared to be related to fear of falling. Older
people reported that they became more confident in their
physical function after doing the exergames, which might have
also reduced their fear of falling. Older people could also be
assumed to have gained confidence in relation to their cognition
because they were able to do something new and develop new
skills. There was also a confidence noted in the social
interaction. Additionally, 2 older people did not feel comfortable
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doing the exergames in front of others; however, this changed
after undertaking a few sessions in the social setting. This
indicates that confidence related to social interaction may
increase by undertaking the exergames in a social setting. The
physiotherapist and the warden also confirmed that they saw
an increase in confidence in relation to the social setting.
The instructors also appeared to have a large influence on the
confidence of their clients. It was observed that the instructors
made a lot of positive comments toward the older people. The
instructors said things like “you can do it,” “well done,” “good
job,” “you are really improving,” and “I am impressed.” These
positive comments may have boosted the confidence of
residents. Nevertheless, it should be considered that a coach is
an extrinsic motivator who strengthens the intrinsic motivation.
Coaching is mentioned as an intrinsic motivator in this study
because it has a strong influence on the intrinsic motivation of
the resident and does not influence the desired outcome of the
participants for doing the exergames.
Discussion
Principal Findings
This study investigated the factors that may influence the
intrinsic motivation of older people to use MIRA -exergames
[9] to improve their physical function and reduce fall risk. The
findings of this study show that most of the older participants
enjoyed playing the exergames. Previous qualitative studies on
exergames confirm that exergames in general are enjoyable
[22-25]. These previous studies and this study demonstrate that
exergames may be promising tools to enable physical exercises
to be more enjoyable. However, it should be taken into account
that not everyone may be interested or willing to use exergames
to exercise and improve their physical function.
In general, all 8 elements, which define enjoyment according
to the game flow model of Sweetser and Wyeth [16], were
fulfilled for the older participants who enjoyed playing the
exergames in this study. The systematic review by Boyle et al
[26] regarding engagement in computer games describes
elements for game enjoyment: “Flow, the best known term for
describing the enjoyable subjective experiences of playing
games, has a strong focus on cognitive features relating to the
task such as challenge, concentration, goals and feedback.” The
study of Boyle et al [26] confirms the importance of
concentration, challenge, clear goals, and feedback in games to
make enjoyment possible, which are also the first 4 elements
discussed above of the game flow model of Sweetser and Wyeth
[16]. Furthermore, the older people in this study experienced
the exergames as challenging. The importance of challenge in
games is also acknowledged by Jackson and Csikszentmihalyi
[27], who described game flow as a balance between the skills
of the player and challenges in the game. Jackson and
Csikszentmihalyi [27] define this balance as “the golden rule
of flow” in games.
During the exergame program, feedback was provided by scores
and during or post game screen feedback such as
“congratulations” and “well done.” Additional feedback was
provided by the instructors of the exergames. The findings
indicate that an individual approach is required during which
the coaching of the instructors is an important factor to increase
intrinsic motivation. Positive comments of the exergame
instructors toward the older users appear to improve the intrinsic
motivation. Furthermore, tailored coaching that corresponds
with the individual needs and wishes of the older person is
essential. The importance of coaching regarding motivation was
also acknowledged by Pelletier et al [28], who stated “those
providing feedback of competence and a clear structure or
rationale for doing an activity, foster self-determined forms of
motivation .”
Immersion was experienced by most of the older people because
playing the exergames was experienced as an escape from reality
and/or problems. These experiences are also acknowledged by
Jennett et al [29], who describe that games provide the
possibility to “lose” one self in the world of the game. Jennett
et al [29] state that “ Immersion is often viewed as critical to
game enjoyment, immersion being the outcome of a good
gaming experience.”
The importance of social interaction is one of the main findings
in this study. Brox et al [30] also investigated the importance
of social interaction in exergames. They acknowledged that
older people tend to be more homebound, and many of them
suffer from loneliness and a lack of physical exercise. Therefore,
Brox et al [30] recommend that persuasive Web-based
social-exergames should be investigated further to increase the
social interaction and exercise among older people. This study
also acknowledges the importance of social interaction during
the exergames. Therefore, this study also recommends a set-up
of the exergames which makes social interaction with other
people and instructors possible.
Besides enjoyment, another important intrinsic motivator raised
during the interviews was the confidence of the participants. It
appeared that the confidence of the participants increased after
undertaking the exergames. The confidence of the residents
who played the exergames was related to their perceptions of
improved physical strength and mental capacity, and social
interaction. Schutzer and Graves [31] investigated the barriers
and motivations of older people to undertake exercise. They
mention “self-efficacy is consistently identified as an important
determinant of exercise behavior in various populations and in
many types of behavioral learning throughout the scientific
literature.” The concept “confidence” in this study can be
correlated to self-efficacy. Schutzer and Graves [31] state that
“The stronger one’ self-efficacy expectations and outcomes, the
more likely the individual will initiate and persist with a specific
behavior. Barring health factors, self-efficacy exerts a
consistently powerful influence on the exercise behavior of
older adults . ” The findings of Schutzer and Graves [16] confirm
the influence and importance of confidence in the motivation
of older people to use MIRA-exergames [9].
Strengths and Limitations
The use of mixed methods increases the validity of the findings
in this study. The interviews, questionnaires, and 81 h of
observations in general were in agreement and confirmed the
findings. Nevertheless, a limitation of this study is that not all
the 19 older people who joined the exergames program
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participated in this study. Of these, 7 older people declined to
participate in this study because of various reasons (too onerous,
too busy, or unwell). This might indicate some selection bias
in this study. This selection bias might indicate overestimation
of the motivation of older people toward exergames because
most of the participants in this study adhered to the exergame
program for a longer period of time.
Further Research
Several older people believed the MIRA-exergames [9] helped
them to stay mentally active. However, further research is
needed to investigate whether the exergames also stimulate
cognitive function, and if so, whether exergames can reduce the
risk of cognitive decline.
The findings of this study showed that social interaction
appeared to be an important factor for the motivation of older
people to do the exergames, which was also confirmed by the
study of Brox et al [30]. Further research is recommended that
investigates the effects of a social set-up of MIRA-exergames
[9] on the mental and physical well-being and loneliness of
older people. This way, the exergames could have different
objectives to reach besides fall prevention.
Conclusions
In conclusion, MIRA-exergames [9] appear to be a promising
tool to improve the physical functions of older people and reduce
their fall risk because older people may be intrinsically
motivated to use them for a longer period of time. The
implementation of the falls prevention exergames in the daily
lives of older people may reduce health care costs related to
falls among older people. Furthermore, wider uptake and
increased adherence to exergames, and thus, increased physical
activity might also reduce the risk of other diseases such as
vascular disease and osteoporosis, which could lead to further
reduced health care costs and improve the well-being and quality
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Example of exergames for a falls prevention rehabilitation schedule (supervising physiotherapist prescribes easy, moderate, or
hard levels; duration; and rest periods according to assessed level of ability).
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